Background
==========

A systematic review by Henderson et al. found no convincing evidence that maternal alcohol consumption during pregnancy at low to moderate levels has adverse effects on miscarriage, stillbirth, intrauterine growth restriction, prematurity, birth weight, small-for-gestational-age (SGA), and birth defects including fetal alcohol syndrome \[[@B1]\]. A recent meta-analysis by Patra et al. revealed that heavy maternal alcohol consumption during pregnancy increases the risk of low birth weight (LBW), preterm birth (PTB), and SGA, whereas light to moderate alcohol consumption shows no effect: compared with abstainers, the exposure-response associations of maternal alcohol consumption during pregnancy with the risk of LBW and SGA were not apparent up to 10 g pure alcohol per day, and maternal alcohol consumption during pregnancy of less than 19 g pure alcohol per day was not associated with the risk of PTB; at higher consumption levels, risk of LBW, SGA, and PTB increased linearly with maternal consumption. It should be noted, however, that no studies conducted in Asian countries were included in this meta-analysis \[[@B2]\]. Four studies in the USA have shown significant positive relationships between low to moderate maternal alcohol consumption during pregnancy and the risk of LBW, PTB, and/or SGA \[[@B3]-[@B6]\], while equally significant inverse associations have been observed in two studies in Canada and Spain \[[@B7],[@B8]\]. To our knowledge, there have been only three previous studies on alcohol consumption during pregnancy and birth weight or LBW in Japan, none of which have revealed any associations \[[@B9]-[@B11]\]; however, no epidemiological studies in Japan have examined the association of maternal alcohol consumption during pregnancy with the risk of PTB and SGA. Therefore, we wished to investigate this issue using data from the Kyushu Okinawa Maternal and Child Health Study (KOMCHS).

Methods
=======

Study population
----------------

The KOMCHS is a prospective prebirth cohort study. Details of the baseline survey of the KOMCHS have been described elsewhere \[[@B12]\]. Eligible women were those who became pregnant while living in one of seven prefectures on Kyushu Island in southern Japan, with a total population of approximately 13.26 million, or in Okinawa Prefecture, an island chain in the southwest of Japan, with a total population of nearly 1.37 million. Between April 2007 and March 2008, we asked 423 obstetric hospitals in the abovementioned eight prefectures to provide a set of leaflets explaining the KOMCHS, an application form to participate in the study, and a self-addressed and stamped return envelope directly to as many pregnant women as possible. Pregnant women who were willing to participate in the study returned the application form to the data management center. A total of 1757 pregnant women between the 5th and 39th weeks of pregnancy gave their written informed consent to participate in the KOMCHS and completed the baseline survey. Of the 1757 women, 1590 mother-child pairs took part in the second survey, which was carried out after delivery: 73.5% of the mothers completed the second survey less than one month after giving birth, while 12.9%, 7.4%, 3.3%, and 2.9% completed the second survey at one, two, three, and 4--11 months after giving birth, respectively. Excluded from the current analysis were 23 mothers with multiple births and two mothers for whom the gender of the baby was not known due to incomplete data reporting. The final analysis included 1565 mother-child pairs. The ethics committee of the Faculty of Medicine, Fukuoka University approved the KOMCHS.

Measurements
------------

In each survey, a self-administered questionnaire was used. Participants filled out these questionnaires and mailed them to the data management center at the time of each survey. Research technicians completed missing or illogical data by telephone interview.

The first part of the first questionnaire at baseline elicited information about maternal age; region of residence; number of children; family structure; maternal education; and maternal employment status. Women were classified as unemployed if they were unemployed in both the year in which the questionnaire was completed and the preceding year. The second part of the first questionnaire was a semi-quantitative, comprehensive dietary history questionnaire (DHQ) that assessed dietary habits during the month preceding the completion of the questionnaire \[[@B13],[@B14]\]. Estimates of daily intake of foods (total of 150 foods), energy, and selected nutrients were calculated using an ad hoc computer algorithm for the DHQ based on the Standard Tables of Food Composition in Japan \[[@B15]\]. The DHQ included questions on consumption of six types of alcoholic beverages: beer, Japanese sake (rice wine), shochu (a distilled alcoholic beverage made in Japan), chuhai (made with shochu and carbonated water), whisky, and wine. Consumption of each type was calculated based on the reported consumption frequency per week or per month and 12 portion sizes. Estimated average amounts of alcohol consumed per day for all beverage types were summed, yielding an average daily total alcohol intake in g/day. In a validation study of 92 Japanese women, the Spearman's correlation coefficient between the DHQ and 16-day weighed dietary records was 0.74 for alcohol (S. Sasaki, unpublished observations, 2006). Body weight and height were self-reported as part of the DHQ. Body mass index was calculated as weight (kg) divided by the square of height (m).

In Japan, generally, an obstetrician's estimate of gestational age at the time of delivery is based on early ultrasound examination and/or the first day of the last menstrual period, and birth weight is measured immediately after birth. Data such as birth weight and gestational age at birth are recorded by staff at the birth hospital or clinic in a booklet called the Maternal and Child Health Handbook. A copy of this booklet is provided to every pregnant woman by the municipality in which she resides at the start of her pregnancy; it is used to record data pertaining to prenatal checkups, postnatal health condition of both mother and baby, and growth of the child.

The second self-administered questionnaire elicited information on active maternal smoking status in the first (≤ 15 weeks' gestation), second (16--27 weeks' gestation), and third (≥ 28 weeks' gestation) trimesters; gestational age at birth; birth weight; and baby's gender. With regard to gestational age at birth and birth weight, mothers were advised to refer to their Maternal and Child Health Handbook before filling in our questionnaire.

LBW was defined as a birth weight less than 2500 g. PTB was defined as a birth occurring at a gestational age of less than 37 weeks. SGA was defined as a birth weight below the 10th percentile of the Japanese neonatal anthropometric norms for babies of the same gestational age, gender, and parity published by Itabashi et al. in 2010 \[[@B16]\]. These norms show the distribution of birth weights for each day of gestational age; in this study, however, data on gestational ages were only available in weeks. Thus, for the purposes of comparison and analysis, we selected the distributions from the third day of each week from the study of Itabashi et al.

Statistical analysis
--------------------

Maternal age at the time of the first questionnaire; region of residence; number of children; family structure; maternal education; maternal employment; body mass index; maternal smoking during pregnancy; gestational age at birth; and baby's gender were selected as a priori potential confounding factors; however, gestational age at birth was removed when associations with the risk of LBW and PTB were examined. Marital status was not taken into consideration because 96.3% of the mothers lived with their husbands and there was only one single mother in the study. Alcohol consumption during pregnancy was classified into three categories (none, \< 1 g/day, and ≥ 1 g/day); region of residence into three (Fukuoka Prefecture, prefectures other than Fukuoka Prefecture on Kyushu Island, and Okinawa Prefecture); number of children previously born to the same mother into three (0, 1, and 2 or more); family structure into two (nuclear and extended); maternal education into three (\< 13 years, 13--14 years, and ≥ 15 years); maternal employment into two (yes and no); and maternal smoking during pregnancy into four (never smoked during pregnancy, smoked only in the first trimester, smoked in the second and/or third trimesters regardless of smoking status in the first trimester but not throughout the pregnancy, and smoked throughout pregnancy). Maternal age, body mass index, and gestational age at birth were used as continuous variables.

Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for birth outcomes in relation to maternal alcohol consumption during pregnancy were calculated through multiple logistic regression analysis. Analysis of covariance was used to calculate adjusted means of birth weights according to maternal alcohol consumption during pregnancy with allowance for confounding factors. Trends of an association were assessed with a multiple logistic regression model or a multiple linear regression analysis assigning consecutive integers to the categories of alcohol consumption. The interaction was tested using a term of the product of two variables in a multiple logistic regression model. All computations were performed using the SAS software package version 9.2 (SAS Institute, Inc., Cary, NC, USA).

Results
=======

Among the 1565 mother-child pairs, maternal mean age at baseline was 31.3 years (Table [1](#T1){ref-type="table"}). According to the second questionnaire, 2.5% of mothers had smoked throughout their pregnancy and 91.2% had never smoked during pregnancy. The mean birth weight of the babies was 3006.3 g. 7.7% were classified as LBW, 4.0% as PTB, and 7.8% as SGA. The range of maternal alcohol consumption during pregnancy was 0.0 to 11.7 g per day: 1356 (86.7%) mothers were abstainers and the 95th percentile value was 0.84 g per day; therefore, there were no heavy drinkers (defined as more than 14 g per day).

###### 

Distribution of selected characteristics in 1565 mother-child pairs

  **Variable**                                              ***n*(%)**
  --------------------------------------------------------- ----------------
  Baseline characteristics                                   
    Maternal age, years, mean ± SD                          31.3 ± 4.2
    Region of residence                                      
     Fukuoka Prefecture                                     883 (56.4)
     Prefecture on Kyushu Island other than Fukuoka         527 (33.7)
     Okinawa Prefecture                                     155 (9.9)
    Number of living children already born to same mother    
     0                                                      615 (39.3)
     1                                                      633 (40.5)
     ≥ 2                                                    317 (20.3)
    Nuclear family structure                                1336 (85.4)
    Maternal education, years                                
     \< 13                                                  361 (23.1)
     13 - 14                                                523 (33.4)
     ≥ 15                                                   681 (43.5)
    Maternal employment^a^                                  943 (60.3)
    Body mass index, kg/m^2^, mean ± SD                     21.4 ± 2.7
  Characteristics in the second survey                       
    Maternal smoking during pregnancy                        
     None                                                   1427 (91.2)
     First trimester only                                   71 (4.5)
     Second and/or third trimesters but not throughout      28 (1.8)
     Throughout                                             39 (2.5)
    Birth weight, g, mean ± SD                              3006.3 ± 395.5
    Gestational age, weeks, mean ± SD                       38.9 ± 1.5
    Male gender                                             762 (48.7)
    Low birth weight (\< 2500 g)                            120 (7.7)
    Preterm birth (\< 37 weeks)                             62 (4.0)
    Small-for-gestational-age (\< 10th percentile)          122 (7.8)

^a^Full-time or part-time employment in the year when the first questionnaire was conducted or in the previous year.

Table [2](#T2){ref-type="table"} shows the distributions of confounding factors according to maternal alcohol consumption during pregnancy. Maternal alcohol consumption during pregnancy was positively associated with living in Fukuoka Prefecture, number of children, body mass index, and maternal smoking throughout pregnancy and inversely with maternal education and gestational age.

###### 

Characteristics of 1565 mother-child pairs categorized according to alcohol consumption during pregnancy

                                                        **Alcohol consumption during pregnancy**                 
  ----------------------------------------------------- ------------------------------------------ ------ ------ -----------
  Age, years, mean                                      31.2                                       31.4   31.6   0.48
    Region of residence, %                                                                                       0.78
    Fukuoka Prefecture                                  56.3                                       54.7   61.1    
    Other than Fukuoka Prefecture in Kyushu             33.5                                       38.0   29.2    
    Okinawa Prefecture                                  10.2                                       7.3    9.7     
  Number of children, %                                                                                          0.01
    0                                                   39.8                                       36.5   34.7    
    1                                                   41.2                                       38.0   31.9    
    ≥ 2                                                 19.0                                       25.6   33.3    
  Nuclear family structure, %                           85.6                                       81.8   87.5   0.78
  Maternal education, years, %                                                                                   0.01
    \< 13                                               22.4                                       21.2   38.9    
    13 - 14                                             33.6                                       31.4   33.3    
    ≥ 15                                                44.0                                       47.5   27.8    
  Maternal employment^b^, %                             59.8                                       62.0   65.3   0.31
  Body mass index, kg/m^2^, mean                        21.3                                       21.8   21.9   0.02
  Maternal smoking during pregnancy, %                                                                           \< 0.0001
    None                                                92.3                                       89.1   73.6    
    First trimester only                                4.1                                        5.8    11.1    
    Second and/or third trimesters but not throughout   1.6                                        1.5    5.6     
    Throughout                                          2.0                                        3.7    9.7     
  Gestational age, weeks, mean                          38.9                                       38.5   38.8   0.04
  Male gender, %                                        49.0                                       43.1   52.8   0.85

^a^For continuous variables, a linear trend test was used; for categorical variables, a Mantel-Haenszel χ^2^-test was used.

^b^Full-time or part-time employment in the year when the first questionnaire was conducted or in the previous year.

Table [3](#T3){ref-type="table"} gives adjusted ORs and the 95% CIs for LBW, PTB, and SGA and adjusted mean birth weights in relation to maternal alcohol consumption during pregnancy. Compared with abstainers during pregnancy, pregnant women who had consumed 1.0 g or more of alcohol per day during pregnancy had a significantly increased risk of PTB, and the exposure-response association between maternal alcohol consumption during pregnancy and the risk of PTB was significant, although a positive relationship between maternal alcohol consumption of less than 1.0 g per day during pregnancy and PTB was not statistically significant: the adjusted OR for PTB associated with maternal alcohol consumption of 1.0 g or more per day was 2.58 (95% CI: 1.004 - 5.80, *P* for trend = 0.03). No significant relationships were observed between maternal alcohol consumption during pregnancy and the risk of LBW or SGA. Also, there was no material association between maternal alcohol consumption during pregnancy and birth weight.

###### 

Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for birth outcomes and adjusted means of birth weight in relation to alcohol consumption during pregnancy in 1565 mother-child pairs

  **Alcohol consumption during pregnancy**   **Low birth weight**   **Preterm birth**    **Small-for-gestational-age**   **Adjusted mean of birth weight, g (95% CI)**^**b**^                               
  ------------------------------------------ ---------------------- -------------------- ------------------------------- ------------------------------------------------------ ------ -------------------- --------------------------
  None (n = 1356)                            7.6                    1.00                 3.5                             1.00                                                   7.8    1.00                 3008.7 (2991.6 - 3025.8)
  \< 1.0 g/day (n = 137)                     7.3                    0.98 (0.46 - 1.85)   5.8                             1.69 (0.72 - 3.51)                                     5.8    0.75 (0.33 - 1.50)   3011.2 (2957.2 - 3065.3)
  ≥ 1.0 g/day (n = 72)                       9.7                    1.31 (0.52 - 2.84)   9.7                             2.58 (1.004 - 5.80)                                    11.1   1.41 (0.60 - 2.94)   2952.0 (2876.6 - 3027.3)
  *P* for trend                                                     0.64                                                 0.03                                                          0.74                 0.26

^a^Adjustment for maternal age; region of residence; number of children; family structure; maternal education; maternal employment; body mass index; maternal smoking during pregnancy; and baby's gender.

^b^Adjustment for maternal age; region of residence; number of children; family structure; maternal education; maternal employment; body mass index; maternal smoking during pregnancy; gestational age; and baby's gender.

In a subgroup restricted to 1427 women who had never smoked during pregnancy, the adjusted ORs for PTB for maternal alcohol consumption of less than 1.0 g and 1.0 g or more per day during pregnancy were 1.47 (95% CI: 0.55 - 3.31) and 1.73 (95% CI: 0.41 - 5.08), respectively (*P* for trend = 0.27). In a subgroup of 138 women who had smoked during pregnancy, on the other hand, the corresponding figures were 4.76 (95% CI: 0.47 - 40.13) and 15.11 (2.22 - 142.12), respectively (*P* for trend = 0.004). There was no significant interaction between maternal alcohol consumption of 1.0 g or more per day and maternal smoking during pregnancy with respect to the risk of PTB (*P* for interaction = 0.27).

Discussion
==========

The present study found that maternal alcohol consumption during pregnancy of 1.0 g or more per day was significantly associated with an increased risk of PTB but not LBW or SGA, and that there was no evident relationship between maternal alcohol consumption and birth weight. A prospective study of 2714 US mother-child pairs showed that light maternal drinking, defined as 0.10 oz or less of absolute alcohol per day, during month 7 was significantly positively associated with the risk of LBW and PTB but not intrauterine growth retardation, whereas mild maternal drinking, defined as \> 0.10 to 0.25 oz per day, was significantly positively related to only PTB \[[@B4]\]. These findings are in partial agreement with our results. Moderate alcohol consumption during pregnancy was significantly associated with an increased risk of LBW and intrauterine growth retardation, but not PTB, in 1233 US women \[[@B3]\]. Light alcohol consumption (one to two drinks per week) during pregnancy was significantly inversely associated with the risk of LBW, PTB, or SGA in a study of 40,445 Canadian women \[[@B7]\]. In a case--control study in Spain, alcohol consumption of less than 6 g per day during pregnancy was significantly related to a reduced risk of LBW \[[@B8]\]. These findings are at variance with our results. The results of a recent meta-analysis showing no associations between light to moderate alcohol consumption during pregnancy and LBW, PTB, or SGA are not consistent with the current results regarding PTB, but are consistent with the current results regarding LBW and SGA \[[@B2]\].

This study has some methodological limitations that should be considered. Data on alcohol consumption were derived from the DHQ, which could only approximate consumption and was designed to assess consumption for one month prior to completion of the questionnaire. In addition, alcohol consumption assessment was carried out anywhere from the 5th to the 39th week of pregnancy. When subjects were divided into two groups according to gestation at baseline, the proportion of drinkers was 11.4% in women who had completed the baseline survey between the 5th and 17th weeks of pregnancy (n = 789) and 15.3% in women who had completed the baseline survey between the 18th and 39th weeks of pregnancy (n = 776). The adjusted OR for PTB for maternal alcohol consumption of 1.0 g or more per day during pregnancy was 2.47 (95% CI: 0.67 - 7.23, *P* for trend = 0.21) in women who had completed the baseline survey between the 5th and 17th weeks of pregnancy and 3.23 (95% CI: 0.67 - 11.59, *P* for trend = 0.03) in women who had completed the baseline survey between the 18th and 39th weeks of pregnancy. In women who had completed the baseline survey prior to the 18th week of pregnancy, the proportion of drinkers might be underestimated; in that case, the association between maternal alcohol consumption and PTB might be attenuated. Any non-differential exposure misclassification would bias the results toward the null. Moreover, information on the timing of alcohol use and of certain consumption patterns such as binge drinking was not available in the present study.

In the baseline survey, we could not estimate the participation rate because we do not have exact figures for the number of pregnant women who were provided with a set of leaflets explaining the KOMCHS, an application form, and a self-addressed and stamped return envelope by the 423 collaborating obstetric hospitals. Nevertheless, the participation rate must have been fairly low, given that the present study used data from only 970 pregnant women who lived in Fukuoka Prefecture, while, according to the government of Fukuoka Prefecture, the number of childbirths was 46,393 in 2007 and 46,695 in 2008. Furthermore, our subjects were probably not representative of Japanese women in the general population. For example, a population census conducted in 2000 in Fukuoka Prefecture found that the percentages of women aged 30 to 34 years with \< 13, 13--14, ≥ 15, and an unknown number of years of education were 52.0%, 31.5%, 11.8%, and 4.8%, respectively \[[@B17]\]. The corresponding figures for this study were 23.1%, 33.4%, 43.5%, and 0.0%, respectively. Thus, our study subjects were more educated and probably more aware of health topics than women in the general population. Nevertheless, alcohol consumption during pregnancy in our study population was likely to be similar to that in the general population. In a study of 689 Japanese mothers whose children had undergone four-month checkups publicly provided by a municipality in 2007, the prevalence of alcohol consumption during pregnancy was 9.1% \[[@B18]\].

The current study did not have substantial statistical power although a significant association was detected. According to the statistical power calculation using QUANTO version 1.2 \[[@B19]\], our sample size gives us 48% of the power needed to detect an association between maternal alcohol consumption of 1.0 g or more per day during pregnancy and PTB.

In our population, a significant positive association was found between maternal smoking during pregnancy and PTB \[[@B20]\]. The positive association between maternal alcohol consumption during pregnancy and PTB was stronger in women who had smoked during pregnancy than in women who had never smoked during pregnancy; however, the interaction was not statistically significant. Although adjustment was made for several confounding factors, residual confounding effects could not be ruled out. Data on stress and family circumstances were not available in this study.

Conclusions
===========

A recent meta-analysis regarding maternal alcohol consumption and birth outcomes did not include epidemiological studies conducted in Asian countries \[[@B2]\]. To our knowledge, the present study is the first study in Japan to show that maternal alcohol consumption of 1.0 g or more per day during pregnancy was significantly positively associated with the risk of PTB but not LBW or SGA. Further epidemiological investigations are required to ascertain whether the positive association between light to moderate maternal alcohol consumption during pregnancy and the risk of PTB is replicated in other populations, especially Asian populations. Given the present results, women should abstain from alcohol as soon as possible after conception, and ideally even in the preconception period.
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